There are currently few education research footholds to help instructors build on the strengths and interests of physical science majors when teaching astronomy courses. In this paper, we describe what we learned from interviews with members of the Astronomy Club at Texas State University. We conducted and analyzed interviews with eight students that focused on their interest in astronomy and participation in astronomy-related activities at Texas State. We focus on Club activities and how students benefit from their participation in those activities to identify what is culturally relevant to our student body. We find that students experience enjoyment, feel a sense of community, and develop professional skills through their participation in the Astronomy Club. We describe how this work was motivated by and ties in to a larger pedagogical framework of culturally relevant instruction, and consider how these results can inform the design of astrophysics courses.
I. Introduction
Research-based, active learning strategies in undergraduate physics and other STEM disciplines have been repeatedly shown to generate more conceptual learning and higher pass rates for students than traditional instruction [1, 2] . However, we cannot and should not holistically claim that use of research-based instructional strategies always leads to more equitable student outcomes. PER studies that interrogate the meaning and extent of equity in student outcomes reveal that this is not the case (e.g., [3] [4] [5] ).
One path towards creating more equitable undergraduate physics instruction is to focus on the core ideas of culturally relevant instruction [6] [7] [8] [9] [10] . Culturally relevant pedagogy "teaches to and through the strengths of ethnically diverse students" (Ref. [6] , p. 29). Most PER strategies partly align with culturally relevant instruction in that they start to break down power structures inherent in traditional lecture [8, 11] , but they also position instructors as highly in control [11] . This is particularly problematic because PER overall has focused on students who are whiter, wealthier, and more mathematically prepared than the average physics student [12] . Our instructional strategies thus tend to be tailored to privileged white students. Compounding this problem, our natural tendency as instructors and curriculum developers is to draw on own experiences [13, 14] , and physics instructors are predominantly white [15] . Thus, we often impose dominant disciplinary ideas and practices onto underrepresented minority (URM) students rather than teaching to their strengths.
Listening to and partnering with students, especially URM students, is essential in culturally relevant instruction. While PER as a field does not yet reflect this ideal well, many members of the PER community have been engaging in work that pushes us in this direction. For example, Sabella et al. [16] have drawn on tools of culturally relevant instruction to foster collaborative instructional partnerships between students and faculty. Their approach combines the Learning Assistant model [17] with Emdin's idea of co-generative dialogues [9] , or structured exchanges between teachers and small groups of students to help bridge cultural divides and identify better instructional approaches for those students. Similarly, Quan et al. [18] have been engaging URM students as partners in designing supports for undergraduate STEM students through the Access Network initiative.
Our current work centers on developing new astrophysics courses that are culturally relevant for Texas State University students, and distilling lessons for the Physics and Astronomy Education Research community. Texas State University is a large, diverse Hispanic Serving Institution in central Texas, which can help us to avoid some of the demographic limitations of past PER studies [12] . In 2018, the undergraduate student body was 53% racial or ethnic minorities, including 37% Hispanic and 11% African American students. The College of Science and Engineering reflects these same demographics (39% Hispanic, 11% African American in 2018). Texas State also includes a high proportion of low-income students, with 37% receiving Pell Grants in 2017 [19] .
Astrophysics courses for physical science majors present an opportunity to design instruction with these students from a nearly blank slate. The 2017-2023 Department of Physics strategic plan includes disciplinary expansion into astrophysics, including hiring new faculty and creating new upper-division courses. This strategic direction was driven by student requests. Moreover, almost no research on upperdivision astrophysics courses exists in the literature. Instead, most astrophysics courses are structured and taught based on the consensus ideas of professional astrophysicists [20] , and innovative astrophysics courses have not been studied. By documenting our local efforts to design astrophysics courses for and with Texas State students, we aim to help address this gap in a way that is tailored to a diverse student population.
Our efforts to design new astrophysics courses include multiple mechanisms for white faculty (including the first two authors) to listen to and partner with students, and thus bridge cultural divides. These mechanisms include holding open planning meetings with faculty and students, engaging students in research analysis and course design over sustained periods (including the third author), and learning about the undergraduate astronomy club through attending club meetings and interviewing students. In this paper, we focus on what we have learned from the Texas State Astronomy Club. We address the research question: What activities do undergraduate STEM students participate in through a student-led astronomy club, and how do they benefit from those activities?
II. Literature review
There is a long history of researching informal learning environments using a variety of theoretical tools [21] . We draw on two overlapping bodies of literature in our study: communities of practice [22, 23] and affinity spaces [24] .
Practices serve as "the source of coherence for a community" ([23] p. 72); they are the means by which novices steadily achieve centrality within a community through legitimate peripheral participation [22] . Novices adopt and contribute to the social values of the community, affecting their own respective identities and the larger collective identity of the community [23] . Teaching roles are fluid within a community of practice, with different members taking on different roles according to their own levels of expertise in a particular area. Azevedo [25] observed this fluidity in a study of amateur astronomy clubs, in which newcomers to the community were not new to particular practices of astronomy and were able to teach older members in certain areas, while still being novices in others.
An affinity space is a setting in which people interact because of a common interest. Affinity spaces are defined by this common interest, and not all members of affinity spaces necessarily consider themselves to be part of a community [24] . The reason we consider the affinity space framing is because, in a setting where many distinct activities take place, it is often easier to consider membership as not depending on strength in particular practices but rather on organizing around a shared interest. In an affinity space, newcomers are not assumed to be novices to the practices of the community, just the space itself [24] . Participation in the activities of the affinity space then is the chief determinant of the centrality of one's membership. In an affinity space, different members seek different kinds of mastery and to different extents. While Azevedo [25] did not explicitly use an affinity space framing in their study of amateur astronomy groups, we notice that he observed this phenomenon of multiple paths towards centrality within the groups he studied.
Drawing on the community of practice and affinity space frameworks allows us to more completely describe two intertwined yet distinct aspects of individuals' participation in informal educational settings: engagement with a community of practitioners and engagement with the topic around which the community is organized. Studying interest-driven practices in informal settings can inform the development of formal science learning environments that legitimately build on and expand learners' interests [25] . When designing for equity, the practices of informal science communities can and should inform the values of school-based learning [26] . When specifically applied to communities in which URM students participate, these practices and values can form the core of culturally relevant instruction.
III. Methods
We conducted semi-structured interviews with eight student members of the Astronomy Club. During the interviews, students were asked about their general interest in astronomy and their participation in astronomy-related activities at Texas State including, but not limited to, their Club-related activities. Demographic information and student pseudonyms are summarized in Table I .
In this paper, we focus on students' experiences within the Astronomy Club. This focus gives us the opportunity to explore how students collectively engage with astronomy in a space they control. Drawing from the theoretical frameworks of communities of practice and affinity spaces, we coded these data for three emergent themes: enjoyment, sense of community, and developing professional skills. In coding for professional skills, we noted individual students' career interests and foregrounded skills that aligned with those interests. The codes were broad enough to capture the primary features of both theoretical frameworks. The codes also aligned with the initial observations of commonalities across interviews made by the two first authors and participant "Amber." All authors discussed and iteratively refined their understanding of the codes, with the first and third authors coding all eight of the interviews independently.
Our analysis also involved identifying Club practices and origins from students' perspectives. We specifically investigated the Astronomy Club's origins in order to assess the degree to which the Astronomy Club practices are authentic to the student community. Philips and Azevedo [26] point out that settings of everyday science learning are not independent of the broader sociocultural context in which they exist. As such, we cannot assume that students' expressions of themselves are fully reflected in a particular setting. Moreover, faculty (the club advisor and the two first authors) routinely participate in the Astronomy Club, which could further shape how students express themselves. However, learning from the culture and practices that students negotiate within a community that they play a significant role in constructing can bring us closer to understanding students' strengths and interests.
The two first authors also participated in Club meetings and events over the past academic year. Neither of us serves as Club advisor, and we were not involved in initiating or planning outreach events. During meetings, we shared news items or provided additional background information on news the students discussed, and have brought in outside speakers to present to the Club. We draw on these experiences and our sustained relationships with study participants to help contextualize and frame students' accounts.
IV. Results

A. Astronomy Club origins and activities
The Physics Department hired a new astronomy-focused professor and observatory manager for Fall 2016. The founding Club members we interviewed-Amber, Olivia, Travis, and Jimmy-describe his hire as a catalyst for the Club formation. Amber recalls the nature of the initial pre-Club meetings:
It was just a couple people that met up on the roof with [the new astronomy professor] his first year. We were just like, "Hello. We all love astronomy." We had pondered about making a Club. We were like, "I wonder if there would be enough people interested in it?" We sat there for like a year, and we were like, "Okay, next year we're gonna do it." Then we held elections and that next year we had Astronomy Club. Olivia describes creating demonstrations, planning outreach events, and growing the Club in its first years:
When we first started, it was mainly activities together. We were planning the planetarium, we were planning projects like the gravity well. Every meeting was just about ideas on where to show our projects to, which schools to go to, what events there are, how to do community service. It was a lot about how to start the Club, how to get it going and get more members. Amber notes a strong focus on outreach within the Club, stating "Astronomy Club is really outreach I'd say, at this point." Other members draw attention to additional Club activities such as using the campus observatory, discussing astronomy news, and engaging with guest speakers at Club meetings.
Travis, the first Club president, reflects on how the Club has evolved and its current state within the university: At first, we were just a rag tag team of students. It was just random people thrown together to make the Club happen. Now it's a club with a focus, it's a club with a direction, it's a club with dedicated people in it to help maintain that focus. It's forming into a formidable club. I see this as a permanent feature of Texas State.
B. Benefits of Astronomy Club activities
In the following sections, we elaborate on the benefits Club members perceive from participating in specific Club activities and in the Club generally.
Enjoyment
Every student we interviewed enthusiastically expressed how much they enjoy participating in the Astronomy Club. Some students emphasize enjoying the community aspects of the Club. For example, Olivia describes her enjoyment of socializing at stargazing events:
We bring some telescopes out to Reimer's Ranch and we all just get together, put some chairs around, bring food and we look through telescopes, stargaze and just spend quality time with each other. Josh, a newcomer to the Club, also considers community as he talks about his positive first impressions of the Club: I like the community already, they're really funny, and inviting. ... Just being in a space-I guess this is part of the community-being in a space where everybody has the same, almost specific interests is really inspiring, I suppose. That's probably honestly my favorite part. In the quote above, Josh also describes how his enjoyment stems from his interest in the subject matter. Other members similarly foreground this aspect of enjoyment, often framed around sharing their interest with others. Jimmy enjoys assessing his own understanding of astronomy through outreach:
For me, [outreach is] why the Club is so fun. I get to find out how I'm doing in real time if I'm teaching or if I'm talking with somebody.
Robyn enjoys outreach as well, in this case, because she is enthusiastic about lasers:
I work with lasers and I like the science behind lasers. I do that laser simulation regarding sound and light and how they interact and everything, which is super cool.
Thus we see students deriving enjoyment from the Club in a variety of ways.
Sense of community
All students describe the importance of the sense of community they experience as members of the Club. Some students specifically describe how having shared interests with other Club members leads to this sense of community. For example, Robyn describes how she is able to freely express her interest in astronomy within the Club, and how that creates a sense of connection with other members: I think because I'm secretly a nerd and they're totally secretly nerds, too. It's like we're all there for one reason, right? We all like astronomy. That's definitely a bond that we can have together and talk about and talk new things.
Jimmy also finds that discussing astronomy with other Club members is important for his sense of belonging:
One of the reasons why I'm much more invested in the Astronomy Club is because I'm surrounded by people who are willing to engage in discussion with me about the subject. ... [it] makes me feel very involved.
Erin was a biology major who did not have existing relationships with any of the Club members before joining. She describes herself as "really anti-organization when I came to college." However, she quickly found herself experiencing a sense of belonging within the Club. Her level of involvement "snowballed," and she eventually became Club president. She describes how much the relationships she developed through the Club and the Club itself mean to her now: I made friends in the Club and I was like, "Oh, this would be a hard organization to leave." Connor, a physics major and relatively new member, envisions himself becoming a more central to the community because of the way he is treated by other Club members:
I believe the people though were very warm and welcoming and inviting ... I find sometimes personally some people in STEM might not be as inviting, if that's a good way of putting it. And that's something I did not find with the Astronomy Club. Everyone wanted to learn your name, wanted you to come and really they just were excited about space and they're excited if anyone else was excited about space. These data suggest that the Club provides a sense of community to members that increases their desire to participate and remain involved.
Developing professional skills
By engaging in the community practices of the Astronomy Club, students also gain professional skills related to leadership, teaching, information-seeking, engaging in professional discourse, and engineering.
Like Erin, Travis describes his participation in the Astronomy Club as "the first time I was really involved in an organization." He reflects on how being the first Club president taught him about leadership and his own interests:
Sometimes ... being president isn't all that fun, but, I mean, it was fun. It was just the work that goes into making it what it is, and that's where I learned more about myself, that I do like speaking in front of people, I do like speaking about what I like in front of people. I do like talking about astronomy in front of people, and that's where that seed of "I wanna educate people about astronomy" came from. Several other members of the Club also express developing their interest and/or skill in teaching as a result of participating in Club activities. For example, Jimmy describes the Astronomy Club as "a great avenue...to practice any kind of teaching," while Connor describes "being on the borderline of becoming, or wanting to become an educator in STEM" as a result of participating in outreach activities.
Connor talks about how he develops content knowledge through reading and discussing astronomy news:
I like talking about the news and getting other people's opinions and also information. I'm not that informed or higher up in my education, so it's nice to listen to other people who have read the same article as me, but have different backgrounds or different information that they could add to it.
We see Connor's ability to engage in these discussions as an important professional skill that he is likely developing. Similarly, we see Erin describing information-seeking skills that could be valuable to her in many professional settings:
There were some questions I didn't even know to ask until I joined Astronomy Club. And while I don't always find the answers in the Astronomy Club, I'll learn something or I'll hear something and be like, "I don't know what that is." And then I have to go do research outside and figure it out.
Some students explicitly connect technical skills they are developing through their involvement in the Club to their career goals. For example, Amber describes the value she places in working with telescopes:
Another thing that we did is we realized that we need to fix the telescope, and so I have a fellowship now to motorize the 16-inch upstairs on the fourth story. So I'm fixing the observatory here. That's a pretty big accomplishment for me, I'd say, 'cause that's what I want to be here for.
V. Conclusions
We identified multiple student activities and interests that occur in a student-led and -organized space at Texas State (the Astronomy Club) that could serve as starting points for culturally relevant instructional design. We find that students experience enjoyment, feel a sense of community, and develop professional skills through their participation in a studentdriven astronomy club. These benefits were broadly derived from positive interactions with other Club members and Club activities such as leading and organizing outreach events, public observing nights, sharing and discussing astronomy news, and engaging with guest speakers. Students specifically develop skills related to teaching, leadership, knowledge seeking, building and designing demonstrations, and repairing telescopes. In many cases, these skills seem to feed directly into students' career plans.
We posit that students' interests and lived experiences are reflected in their engagement with astronomy through the Astronomy Club. Because of this, course design that attempts to mirror the practices and implicit goals that students pursue through the Astronomy Club could lead to more culturally relevant instruction. Creating a formal course based on this analysis could provide opportunities to explore the extent to which the perspectives of the students initially interviewed are representative of physical science majors at Texas State. Continuing to foreground and learn from students' experiences and authentic practices during course design could lead to more equitable outcomes in physics and astronomy.
